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(57)Abstract: 



PROBLEM TO BE SOLVED: To form a silicon nitride film at a high race of 2000 
&angst;/min or more with a plasma CVD method in which polysilane particles are 
less produced in a chamber upon film formation and which has good film quality 
applicable to a thin film transistor. 

SOLUTION: A film is formed using as stock gas mixture gas of monosilane, 
ammonia, and nitrogen or hydrogen and further using a VHF band excitation 
frequency of 30MHz to 100MHz under conditions of gas pressure of about 50 to 
180 Ps. When the area of a substrate holder is assumed to be S(cm2) and the 
flow rate of monosilane F(SCCM), a high rate film formation of 2000 &angst;/min 
or more is realized using VHF discharge in a large flow rate region where 
(S/F)<30. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Impress an electrical potential difference to the electrode which makes 
a pair, using the material gas which contains a mono silane in the semi- 
conductor substrate which made and laid the pair in the substrate electrode 
holder which is an electrode at least, and the plasma is generated. It is the 
formation approach of the silicon nitride film by the plasma-CVD method which 
forms an amorphous silicon nitride film. The frequency of the electrical potential 
difference impressed to the electrode which makes a pair is set as a 30 to 
100MHz frequency band. And when the gas pressure of an ambient atmosphere 
with which membrane formation is performed is set as the range of 50 to 180Pa 
and the flow rate of S (cm2) and a mono silane is further set to F (SCCM) for the 
area of a substrate electrode holder, it is set as the conditions with which <(S/F) 
30 are filled. The formation approach of the silicon nitride film characterized by 
forming membranes. 

[Claim 2] The formation approach of the silicon nitride film according to claim 1 
characterized by using the 4 yuan system gas of a mono silane, ammonia, 
nitrogen, and hydrogen as said material gas. 

[Claim 3] The formation approach of the silicon nitride film according to claim 1 



characterized by using the 3 yuan system gas of a mono silane, ammonia, and 
nitrogen as said material gas. 

[Claim 4] The formation approach of the silicon nitride film according to claim 1 
characterized by setting the lower limit of the conditions of aforementioned (S/F) 
<30 as the zero neighborhood. 

[Claim 5] The thin film transistor component which is a thin film transistor 
component which comes to combine a field-effect transistor and the amorphous 
silicon film, and is characterized by using the silicon nitride film which performed 
high-speed membrane formation 2000A / more than min at least to one side of 
the gate dielectric film of a field-effect transistor, and the passivation film. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the structure of the thin film 
transistor component formed by the high-speed forming-membranes method 
using the excitation frequency higher than 13.56MHz especially used from the 
former, and the high-speed forming-membranes method using an excitation 



frequency higher than 13.56MHz about the membrane formation approach of the 
silicon nitride film by the plasma-CVD method, and a thin film transistor 
component. 
[0002] 

[Description of the Prior Art] In recent years, the active-matrix mold liquid crystal 
display using the thin film transistor (TFT) using the hydrogenation amorphous 
silicon film as a switching device of each display pixel is fertilized. Especially with 
the spread of notebook computers, the need of a liquid crystal display grows 
rapidly and improvement in the productivity is demanded. 
[0003] The plasma-CVD method which forms membranes by decomposing the 
mixed gas of a silane, ammonia, and nitrogen on the excitation frequency of 
13.56MHz as an approach of making the silicon nitride film mainly used as gate 
dielectric film and the passivation film of TFT depositing is used widely. High- 
throughput-izing [ in / towards an above-mentioned productivity drive / the 
creation process of TFT ] is indispensable, and the high-speed membrane 
formation technique of a silicon nitride film is important as one of them. 
[0004] In order to realize high-speed membrane formation of 1000A / min extent 
on the excitation frequency of 13.56MHz conventionally, film formation needed to 
be performed under about 300Pa high gas pressure conditions. Under low gas 
pressure conditions, this runs short of the radicals in the plasma, and originates 
in high-speed membrane formation being unrealizable. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the membrane formation 
under the above-mentioned excitation frequency of 13.56MHz, and high gas 
pressure conditions, much particle of a silicon polymer occurred in the plasma, 
and it had become the cause of the dust in a CVD chamber. Since the dust in a 
CVD chamber reduces the yield of a product, such high-speed membrane 
formation cannot be used for manufacture of a product. Moreover, in order to 
need injection power high in order to realize high-speed membrane formation 
1000A / more than min, and for this to give a plasma damage to an interface with 



an amorphous silicone film and to degrade an interface property, there was a 
problem that the property of a good transistor was not acquired. 
[0006] Thus, with the conventional technique, even if it achieved shortening of 
process time amount by high-speed membrane formation, it was obliged to the 
frequent cleaning in a chamber, and there was a problem that improvement in 
the throughput of the CVD process in a total was unrealizable. Moreover, in the 
high-speed membrane formation 1000A / more than min, the technical problem 
that a silicon nitride film applicable to a thin film transistor could not be formed 
occurred. Therefore, to develop the formation approach of a silicon nitride film of 
having good membraneous quality there being little generating of dust at the time 
of the high-speed membrane formation 2000A / more than min was desired 
strongly. 

[0007] By the way, about membrane formation of the silicon nitride film by the 
plasma-CVD method, by making an excitation frequency high, the electron 
density in the plasma is made to increase, decomposition effectiveness, such as 
nitrogen gas which is hard to decompose, is gathered, and the approach of 
forming a good silicon nitride film is indicated by JP,5-275346,A. 
[0008] By the plasma-CVD method, when a frequency f set inter-electrode 
distance to d (cm) for a VHF RF 30MHz or more in the manufacture approach of 
making an amorphous silicon nitride film depositing, using the mixed gas which 
contains the gas containing Si, and nitrogen gas at least, the technique indicated 
by conventional JP,5-27536,A was impressed so that <(f/d) 30 might be filled, 
and was generating the plasma. 

[0009] The technique indicated by JP,5-27536,A as mentioned above While 
finding out that tried amelioration to various membrane formation parameters, 
and inter-electrode distance has affected thickness distribution That thickness 
distribution becomes small by enlarging inter-electrode distance A header, When 
a frequency f (MHz) and inter-electrode distance d (cm) formed membranes 
under the conditions with which f(MHz)/d(cm) <30 are filled based on the 
knowledge, he was trying for good thickness distribution to obtain. 



[0010] However, with the technique indicated by JP,5-27536,A, reference is only 
made only about the point of only using a VHF band 30MHz or more as an 
excitation frequency, and it is not stated technical effectiveness [ what kind of 
effect and ] the RF of a VHF band has to the membrane formation rate etc. 
[001 1] Although it is different and there is no relation between the frequency f 
(MHz) considered with the technique of JP,5-27536,A to be sure and inter- 
electrode distance d (cm) in affecting thickness distribution, it is indispensable for 
the area of the substrate electrode holder for holding the substrate with which a 
silicon nitride film is formed with large-area-izing of a silicon nitride film to be 
enlarged, and to also cope with this. However, the technique of JP,5-27536,A is 
not considering at all at this point. 

[0012] When the area of a substrate electrode holder is enlarged, the area of a 
substrate electrode holder and the relation of a membrane formation rate 
become important from the relation between a frequency and inter-electrode 
distance rather. About the membrane formation parameter related to a 
membrane formation rate, this invention person etc. repeats an experiment, 
draws the relation of the rate and the flow rate of a chemical of the chemical 
contributed to the area of a substrate electrode holder, and membrane formation 
from the result, and is coping with large area-ization of a silicon nitride film. 
[0013] The purpose of this invention is to offer the formation approach of the 
amorphous silicon nitride film which suited large area-ization of a silicon nitride 
film, and the thin film transistor component using the amorphous silicon nitride 
film. 
[0014] 

[Means for Solving the Problem] In order to attain said purpose, the formation 
approach of the amorphous silicon nitride film concerning this invention Impress 
an electrical potential difference to the electrode which makes a pair, using the 
material gas which contains a mono silane in the semi-conductor substrate which 
made and laid the pair in the substrate electrode holder which is an electrode at 
least, and the plasma is generated. It is the formation approach of the silicon 



nitride film by the plasma-CVD method which forms an amorphous silicon nitride 
film. The frequency of the electrical potential difference impressed to the 
electrode which makes a pair is set as a 30 to 100MHz frequency band. And 
when the gas pressure of an ambient atmosphere with which membrane 
formation is performed is set as the range of 50 to 180Pa and the flow rate of S 
(cm2) and a mono silane is further set to F (SCCM) for the area of a substrate 
electrode holder, membranes are formed by setting it as the conditions with 
which <(S/F) 30 are filled. 

[0015] Moreover, as said material gas, the 4 yuan system gas of a mono silane, 
ammonia, nitrogen, and hydrogen is used. 

[0016] Moreover, as said material gas, the 3 yuan system gas of a mono silane, 
ammonia, and nitrogen is used. 

[0017] Moreover, the lower limit of the conditions of aforementioned (S/F) <30 is 
set as the zero neighborhood. 

[0018] Moreover, the thin film transistor component concerning this invention is a 
thin film transistor component which comes to combine a field-effect transistor 
and the amorphous silicon film, and the silicon nitride film which performed high- 
speed membrane formation 2000A / more than min at least to one side of the 
gate dielectric film of a field-effect transistor and the passivation film is used for it. 
[0019] 

[Function] It found out that the rate of the mono silane which the membrane 
formation rate (cm-2min-1) D contributes to membrane formation with large-area- 
izing of a silicon nitride film, i.e., enlargement of a substrate electrode holder, 
could be expressed with the formula of D=Ux(Fx2.69x1019)/S when the flow rate 
of S (cm2) and a mono silane is set to F (SCCM) for the area of U and a 
substrate electrode holder. 

[0020] The value of S/F must be made small, in order a membrane formation rate 
will be in inverse proportion to the value of S/F, considering this formula and to 
realize high-speed membrane formation. If S increases F in a fixed case, the 
membrane formation rate should become quick. 



[0021] However, when membranes are formed under 13.56MHz conventional 
excitation frequency, even if it increases F, a membrane formation rate comes to 
be saturated from a certain stage. This is because it will be exhausted, without 
decomposing the supplied mono silane, since gas decomposition effectiveness is 
small. Therefore, membrane formation was conventionally performed about (S/F) 
in the field of >60. 

[0022] On the other hand, from the excitation frequency of 30MHz, with a 
100MHz VHF band, since the decomposition effectiveness of gas becomes high, 
the number of radicals which contributes to membrane formation at the time of 
the same injection power as the case where membranes are formed under the 
excitation frequency which is conventional 13.56MHz increases. Therefore, it is 
thought that high-speed membrane formation is realizable in the large field of F, 
i.e., the field where the value of S/F is smaller than before. That is, in the plasma- 
CVD membrane formation using the RF of a VHF band, the value of S/F serves 
as an important new parameter which governs a membrane formation rate. By 
this invention, the high-speed membrane formation 2000A / more than min which 
used the RF of a VHF band showed clearly that it is realizable in the new field 
which was not used by the former called S/F<30. 

[0023] The number of the dust adhering to the substrate before and behind 
membrane formation was measured using the dust test equipment which used 
the scattering phenomenon of the laser light to the dust adhering to a substrate 
as evaluation of dust, and the number of the dust generated within plasma-CVD 
equipment by the augend was evaluated. 

[0024] Consequently, when membranes are formed by 900A / min under the 
conditions whose excitation frequency is 13.56MHz and whose gas pressure is 
300Pa, it compares. When membranes are formed by 2200A / min under the 
conditions whose excitation frequency is 30MHz and whose gas pressure is 
180Pa, about single figure, When membranes were formed by 3200A / min under 
the conditions whose excitation frequency is 60MHz and whose gas pressure is 
1 50Pa, the about double figures thing for which the number of dust is lessened, 



respectively was checked, and the effectiveness of this invention was proved. 
[0025] 

[Embodiment of the Invention] Hereafter, drawing explains this invention. 
[0026] The formation approach of the silicon nitride film of this invention 
impresses an electrical potential difference to the electrode which makes a pair 
using usual plasma-CVD equipment, using the material gas which contains a 
mono silane in the semi-conductor substrate which made and laid the pair in the 
substrate electrode holder which is an electrode at least, generates the plasma, 
and forms an amorphous silicone film. The plasma-CVD equipment itself used for 
this invention is general-purpose, and there is no description in the configuration 
itself. 

[0027] This invention is characterized by forming membranes by setting it as the 
conditions with which <(S/F) 30 are filled, when the gas pressure of an ambient 
atmosphere with which the frequency of the electrical potential difference 
impressed to the electrode which makes a pair is set as a 30 to 100MHz 
frequency band, and membrane formation is performed is set as the range of 50 
to 180Pa and the flow rate of S (cm2) and a mono silane is further set to F 
(SCCM) for the area of a substrate electrode holder. 

[0028] Moreover, the lower limit of the conditions of aforementioned (S/F) <30 is 
set as the zero neighborhood. In the formula of (S/F), although the flow rate F of 
a mono silane (SCCM) can be set as theory top infinity to the area S of a 
substrate electrode holder (cm2), since the lower limit of (S/F) cannot be 
completely set to 0, it has set the lower limit of the conditions of <(S/F) 30 as the 
zero neighborhood. 

[0029] Moreover, as said material gas, the 3 yuan system of the 4 yuan system 
gas of a mono silane, ammonia, nitrogen, and hydrogen or a mono silane, 
ammonia, and nitrogen is used. 

[0030] With the operation gestalt of this invention, spacing of an RF electrode 
and the semi-conductor substrate on a substrate electrode holder is set as 30mm 
using that to which the magnitude has the dimension of 550mm angle in the RF 



electrode and substrate electrode holder as an electrode which make a pair as 
an RF generator of plasma-CVD equipment using what outputs the power of the 
excitation frequency from 13.56MHz to 100MHz. 

[0031] Moreover, as material gas, the 3 yuan system of the 4 yuan system gas of 
a mono silane, ammonia, nitrogen, and hydrogen or a mono silane, ammonia, 
and nitrogen is used. 

[0032] Moreover, in 50Pa and 80MHZ, in the case of 100Pa and 60MHz, the 
optimum-gas-pressure force of the ambient atmosphere which forms membranes 
is set as 180Pa, respectively in the case of 150Pa and 30MHz, when an 
excitation frequency is 100MHz. 

[0033] When it is power with an excitation frequency of 30 to 100MHz and 
membranes were formed by making the injection power into 0.27 W/cm2 under 
such an optimum-gas-pressure force condition, high-speed membrane formation 
of 2000-3000A / min extent was able to be performed. Furthermore, the 
optimum-gas-pressure force at the time of each excitation frequency changes 
with spacing of an RF electrode plate and a substrate a little. On the other hand, 
in the case of conventional 13.56MHz excitation, membrane formation rates were 
at most 1000A / min extent at the time of the same injection power. 
[0034] High-speed membrane formation is considered based on the above 
experimental result. When the semi-conductor substrate which makes a silicon 
nitride film form was enlarged, the effect by the inter-electrode distance which 
makes a pair showed that the area of a substrate electrode holder, the rate to the 
material gas of the mono silane which contributes to membrane formation, and 
the flow rate of a mono silane affected a membrane formation rate. 
[0035] Then, when U and substrate electrode-holder area are set to S (cm2) and 
a mono-silane flow rate is set to F (SCCM), membrane formation rate D(cm- 
2min-1) D can express the rate of the mono silane which contributes to 
membrane formation as D=Ux(Fx2.69x1019)/S. 

[0036] Therefore, the membrane formation rate D will be in inverse proportion to 
the value of S/F, and in order to realize high-speed membrane formation, it must 



make the value of S/F small. If S increases F at the fixed time, the membrane 
formation rate should become quick. However, in being the conventional 
13.56MHz excitation, even if it increases F, it comes to saturate a membrane 
formation rate from a certain stage. This is because it will be exhausted, without 
decomposing the supplied mono silane, since gas decomposition effectiveness is 
small. Therefore, membrane formation was conventionally performed about in 
the field of S/F>60. 

[0037] On the other hand, since an excitation frequency becomes [ the 
decomposition effectiveness of gas ] high with a 30 to 100MHz VHF band, the 
number of radicals which contributes to membrane formation at the time of the 
same injection power as the case where it is the conventional 13.56MHz 
excitation increases. Therefore, high-speed membrane formation can be 
performed in the large field of F, i.e., the field where the value of S/F is smaller 
than before. That is, in the plasma-CVD membrane formation using the RF of a 
VHF band, the value of S/F serves as an important new parameter which 
governs a membrane formation rate. By this invention, the high-speed membrane 
formation 2000A / more than min which used the RF of a VHF band showed 
clearly that it is realizable in the new field which was not used by the former 
called S/F<30. 

[0038] The number of the dust adhering to the substrate before and behind 
membrane formation was measured using the dust test equipment which used 
the scattering phenomenon of the laser light to the dust adhering to a substrate 
as evaluation of dust, and the number of the dust generated within plasma-CVD 
equipment by the augend was evaluated. Consequently, when membranes are 
formed by 900A / min under the conditions whose excitation frequency is 
13.56MHz and whose gas pressure is 300Pa, it compares. When membranes 
are formed by 2200A / min under the conditions whose excitation frequency is 
30MHz and whose gas pressure is 180Pa, about single figure, When membranes 
were formed by 3200A / min under the conditions whose excitation frequency is 
60MHz and whose gas pressure is 150Pa, the about double figures thing for 



which the number of dust is lessened, respectively was checked, and the 
effectiveness of this invention was proved. 

[0039] Drawing 1 - drawing 4 show the thin film transistor component which 
combined a field-effect transistor with the gate electrode 1 1 , the source electrode 
15, and the drain electrode 16, and the amorphous silicon film 13, and the silicon 
nitride film obtained by at least one side of gate dielectric film and the passivation 
film by the manufacture approach of this invention is used for these. 
[0040] Drawing 1 carries out high-speed membrane formation of the silicon 
nitride film 12 with the VHF electric discharge method by this invention, after 
forming the gate electrode 1 1 on a glass substrate 10. The amorphous silicon 
film 13 is formed on the gate electrode 1 1 and the corresponding silicon nitride 
film 12, using this silicon nitride film 12 as gate dielectric film. After forming the 
doping layer 14 on the amorphous silicon film 13, surround the amorphous silicon 
film 13 and the drain electrode 16 and the source electrode 15 are formed. 
Penetrate the source electrode 15 and the doping layer 14, a silicon nitride film 
17 is made to eat into the amorphous silicon film 13, and it forms, and considers 
as a reverse stagger mold thin film transistor component with the structure using 
the silicon nitride film 17 as passivation film. 

[0041] Drawing 2 is taken as the reverse stagger mold thin film transistor 
component which used the silicon nitride film 12 which formed membranes with 
the VHF electric discharge method by this invention as passivation film using the 
usual silicon nitride film 17 as gate dielectric film. 

[0042] Drawing 3 is taken as the reverse stagger mold thin film transistor 
component which used the silicon nitride film which formed membranes with the 
VHF electric discharge method by this invention as gate dielectric film and 
passivation film. 

[0043] Drawing 4 is taken as the order stagger mold thin film transistor 
component which formed the amorphous silicon film 13 in the glass substrate 10, 
formed the doping layer 14, the source electrode 15, and the drain electrode 16 
in the right and left, formed the silicon nitride film 12 with the VHF electric 



discharge method by this invention, and formed the gate electrode 1 1 on gate 
dielectric film 12 on the amorphous silicon film 13, using a silicon nitride film 12 
as gate dielectric film. 

[0044] (Example 1) The example 1 of the operation gestalt of this invention is 
explained with reference to a drawing. The relation between the membrane 
formation rate of a silicon nitride film and the flow rate of a mono silane is shown 
by making an excitation frequency into a parameter at drawing 5 . - The case 
where 60MHz and ** set the excitation frequency as 40MHz, ** set the excitation 
frequency as 13.56MHz for the excitation frequency, respectively, and a 
membrane formation experiment is conducted is shown. Moreover, the curve in 
drawing shows the result of having calculated about the mono-silane flow rate 
dependency of a membrane formation rate based on the above-mentioned 
theory. 

[0045] The area of 1 to 3 to 10 and a substrate electrode holder of 30mm and 
substrate temperature is [ the flow rate of 0.27 W/cm2 and silane pair ammonia 
pair nitrogen / the distance of 2, an RF electrode plate, and a substrate ] fixed 
[ injection power ] at 300 degrees C 3000cm. 

[0046] When the flow rate of a mono silane is carried out to more than 
50SCCM(s) (in this case = (S/F) 60) in 13.56MHz excitation, the membrane 
formation rate shows the saturation inclination. On the other hand, in VHF band 
excitation (40MHz and 60MHz), an excitation frequency receives the flow rate of 
a mono silane. A membrane formation rate is not saturated but the high-speed 
membrane formation 2000A / more than min can realize the flow rate of a mono 
silane in the field (<(S/F) 30 [ in this case ]) of 100 or more SCCMs, and 
according to the theoretical curve High-speed membrane formation of 4000A / 
min extent is attained also in the field (S/F-10) where S/F is still smaller. 
[0047] (Example 2) The case where it is adopted as the production process of 
the thin film transistor which showed how to carry out high-speed membrane 
formation of the silicon nitride film by the VHF method by this invention as an 
example 2 of the operation gestalt of this invention below to drawing 1 is 



explained. 

[0048] First, on the glass substrate 10 as an insulating substrate, as a gate 
electrode, membranes are formed by the 100nm sputtering method of thickness, 
patterning of the chromium is carried out, and the gate electrode 1 1 is formed. 
Then, the silicon nitride film 12 as gate dielectric film is formed [ the flow rate of a 
mono silane ] for the flow rate of 200SCCM(s) and ammonia 400nm of thickness 
by the plasma-CVD method under the conditions which set 300 degrees C and 
an excitation frequency as 60MHz, and set [ the flow rate of 600SCCM(s) and 
nitrogen / 2000SCCM(s) and gas pressure ] the high-frequency power as 0.27 
W/cm2 for 150Pa and substrate temperature. 

[0049] Then, 50nm of doping layers 14 which formed into n mold the amorphous 
silicon film 13 which is an active layer in order to form 300nm and a source drain 
field is formed by the plasma-CVD method one by one. 

[0050] Then, patterning of the doping layer 14 and the amorphous silicon film 13 
is carried out to an island-shape request configuration. Furthermore, the source 
drain electrodes 15 and 16 are formed by forming chromium by the 70nm 
sputtering method as a source drain metal, and carrying out pattern NINGU at a 
request configuration. 

[0051] After carrying out etching removal of the doping layer 14 on a channel, the 
thin film transistor component of drawing 1 is formed by forming 200nm of silicon 
nitride films 17 by plasma CVD as passivation film. 
[0052] When the gate voltage and the drain current characteristic of the 
completed thin film transistor component were measured, the number of on-off 
ratios is six, electric field effect mobility is 0.5cm2A/sec, and the practical 
property applicable to a liquid crystal display was acquired. 
[0053] (Example 3) When a silicon nitride film 12 was used as passivation film 
like drawing 2 and drawing 3 again, the electrical property of the thin film 
transistor component at the time of using as gate dielectric film like drawing 4 
was measured. Consequently, when the gate voltage and the drain current 
characteristic of the thin film transistor component completed like drawing 1 were 



measured, the number of on-off ratios is six, electric field effect mobility is 
0.5cm2/Vsec, and the practical property applicable to a liquid crystal display was 
acquired. 
[0054] 

[Effect of the Invention] According to this invention, as explained above, high- 
speed membrane formation of a silicon nitride film and low particle-ization are 
realizable for coincidence, especially, the throughput of plasma-CVD processes, 
such as thin film transistor array for liquid crystal displays, can be improved, and, 
moreover, the yield can be improved. 

[0055] Moreover, while being able to improve an on-off ratio by leaps and bounds 
by using at least for one side of the gate dielectric film of a thin film transistor 
component, and the passivation film the silicon nitride film which formed 
membranes by the VHF method by this invention, electric field effect mobility can 
be improved and a practical property applicable to a liquid crystal display is 
acquired. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view for explaining the thin film transistor structure 
concerning the operation gestalt 1 using the silicon nitride film which formed 
membranes by the VHF method of this invention. 

[Drawing 2] It is a sectional view for explaining the thin film transistor structure 
concerning the operation gestalt 2 using the silicon nitride film which formed 
membranes by the VHF method of this invention. 

[Drawing 3] It is a sectional view for explaining the thin film transistor structure 
concerning the operation gestalt 3 using the silicon nitride film which formed 
membranes by the VHF method of this invention. 

[Drawing 4] It is a sectional view for explaining the thin film transistor structure 
concerning the operation gestalt 4 using the silicon nitride film which formed 
membranes by the VHF method of this invention. 

[Drawing 5] It is a property Fig. for explaining the example of the manufacture 
approach of the silicon nitride film concerning this invention. 
[Description of Notations] 

10 Glass Substrate 

1 1 Gate Electrode 

12 Silicon Nitride Film Formed with VHF Electric Discharge Method 

13 Amorphous Silicon Film 

14 Doping Layer 

15 Source Electrode 

16 Drain Electrode 

17 Silicon Nitride Film 
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[Drawing 1] 
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(57) [Eft] 

mmm^m^mm^^-^mit^v^ym 200 

OA/m i nM±<D-SmtM~CJ&ftifr&. 

imm^m t/y^y, ry^-r, mmfo&^\± 
*m<?>m&if**wmifx tlx. 5o-isop s g 

S&ntfZBjjg&rTfc&^X. 30MHz-100MH 

zenv hf ^cnmmmmkz m^x f&mzfi 0 * ust 
o iz. mm^y-cvmmz s ( c > 

i^ycDS£l£F (SCCM) £Lfc*§-&fc, (S/ 
F) <3 0fc£S;*3S»KSfci5Vvt, VHFK^^ffl 

^& i k iZX 0 , 2 0 0 0 A/m i niii±osa«Bi^ 



iS^«S7J : 0.27W/cm 2 




iyv7>SI (SCCM) 
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mmn i ] n^-t-^mmx-hmu^r- 

7X7CVDai:is aft y u n yM^ffM^rftrfe 
m^mtmzBm-t^n^mma 3omhzh 

100MHz ^MW^ttSSE L , 

tro. jm&ffbtiimm<ntfxE.t: 5 0 P a#»£> 1 

SA>fcSK*/L^"-^ffi«£S (cmM _ tyy^y 
£>a£*£F (SCCM) i:L/i*l^t. 

(s/f) oomfz^mzi^Lx. jSK^tfa 
; £#st-r sa^y u n M&^ja&rs;. 
[|f*H2 ] mfaiPM* at.ty^y, ry 

t -f a if *if i fcfdts^a-fty u ^ ymmmm. 
[|f*iI3] tfrfEJiS^fcLT. ty^y, ry 

nm i tiaf^afty u 3 yiac^jfcm 
[H*5S4 ] frta ( s/f ) < 3 o^m-wmim 
0 ftsfitss tfc ; t mm t-tzmtm 1 tie»<os 

[11*115] lMSb7yy^^J:7^7rXy 

* n ? y ? <n b mmm , ^> y ^- y a 

ymcO^< b 2 0 0 0 A/m i nJiLLcD^ 

if figJI £fr -5 fzmit^ 'J a y jg€r ffll ^ C t t ? 

[0 0 0 1 ] 

tisa^yuny^BScH^a. Miih^yx 
m^zmi, mz. mtfrt>m*t>tix*tii3. 5 

6 M H z j; 0 Sj V ^g^adK&ffl^fcffiasJfiJga, &tf 
13. 5 6MHzJ:0SV«eJM^^fflV^aa0Sli 

st; x^muzmmvyy =jxm^-commzm~t 

4. 

[0 0 02] 

[^*OSW] *«ft7^7rxyynyJI£- 
ffl^^fiUh^yy'x^ (TFT) £#^H*tf>*>f 

fAXTVAfmmit^hxuh^mzj-y^vziy 
co^mzm\ m^hT arw ^mm^mzm* 

[0 0 0 3] TFTt0y-bffirRJl^N o -yy<-y 3 y 

MfcLT±tffluttii>a^yy3y)i^itm§^§* 
SfcLT(±. 13. 5 6mhz crMmmmtx-y^y, 



im-z>Tyx-?cvDmp&<m^t>tix^&> ±5*0 

[0 0 04]», 13. 5 6MHz(7)W]mffim£X-l 
0 0 0 A/m i ngS«0S3lB£JS*ieS-rSfcftt(i. 

3 0 0 p am&^M^x^ts^Txmm^nd'm 

tffo^tz* z\flli. i&^#Xf±t>^TXUT7X-?tp 

<7)t7 1 . mm^m^mmx^ %\^bt,zm 

[ 0 0 0 5 ] 

13. 56MHz oagM^itaVS^XJI^^fTTT" 
<9j£JRT(i, T7X7^ty y 3 ym^focon-r- a 9 
)Vi?%Wk$L U c v D y rtfyn 3' s 7) b =5r o 
TV^Jto CVDf+y rj" S (iSffitfO^ 0 SrffiT 

Z b 4 fc . 1 0 0 0 A/m i n iili^Sa 

tnzx o#a B B ^y u a y^i mm^zrvx^f^j 
9<m&&%t>m:^ b\^ imm -> it . 

&?y--y <$ix s h-^/K'OCVDi 
1 0 00 A/m i niil±^SafiScJKT1i, 

ifM h 5 y ^ mmm^mity u 3 

^^rv^^oHiS^fco/;. %*)X, 20 0 0A/mi 

ni?j.±.conmtfimmzto\^x 1 3" 5 ^^o^v \ a 
^n^nw^^^afty u 3 y^offM^s^r^ 

[00 07 ] bz\hX\ Tyx^cvnmzx&mity 
v?ym?)$mtzmLx. mmmLzmK-tzzkiz 
x *)T7x-?*(?mTmgi$:Mm%it. tmuz< ^a 

fiSc-rS^rS^miTS - 2 7 5 3 4 6^gfi^§^LTV^ 
[0008] ^*<7)WH^ 5-2 7 5 3 

»fi»30MHz iii±^) v h f . msr H isgii^ 

d (cm) b-f&bt. (f/d)<3 0^Ifcfj;5 
[00 09 ] iil±« i 3 OTf 5-27 5 3 6#£ffl 
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m^x. i«f (mhz) tmmmmd ( cm ) 

f (MHz) /d (cm) <3 0JItffft«T 

izlXWz. 

[0 0 10] U>U5r#£>, W5-27536^C 

m^titzmmt, mmmmmit 1x3 omhz 

iil±« V H F ^ £ ffl U S fc U o * to H T <7)&mR L T 

x i o %wm , mm^m-ox \ > s *^ 

[0011] fl&W^HiFP 5-27 53 6 
g?3;fr0^i£&f (MHz) tVMmmd (c 

t>K mt=y U ^ yjl^ffift ffcfcff o T Sfty U r? >H 
Ai^i^W 5-2 7 5 3 6^&flfC{i, 

tew^mzn^xv^w 

[0012] mm^w-^mm-h^mi^Ktzm^z 

(/ )^»^M»>ra(;U // tj/o*fR/'l 
^-«0ffi«t t flgflSiSJK^IRIffi* W t & 2. . 

i±, wemmmmtwRf^x-tteo^x. mm 

us. 

[0013] aft^U nylo±H« 

ira^J n yjH^ffl^filgh 7 yy'^SH^ 
[00 14] 

ft , t« 5 Wt y 'J n y Jgco jE&fcfrfcf a . 

m £ ^-t-^ffMrnxh h mmjuy- izmmifz^m 

ix . jtmm.fci'V ^ BScMts 77X7CVD 
st x h mitis u n y^i^T* t . M£ =5rt 

mffitEPJD-tSmJI^Jl^icS: 30MHzHl00M 
HzOM^IMlitlSSt. BScH^T^tL^jlSI 
^#Xj±£- 5 0 P a^A, 1 8 0 P a«0fflffl£i&)£U 
3£>fcS«fc*/k? r -?)ffi*f£ S (cm 2 ) , t/y^y 
<7>Si£*£F (SCCM) fctst^-t, (S/F) <3 
Ofc^fc-f^fclSSLT, EJ«fi/ 

[0015] a tzmmmifxt ix. ^yy?y , r 
y^-r, mmRwmcDAT&kJi'^m^&hcDx-fc 

[0016] ^ ^|trlEJi*W.x ,t i r . t/^>, t* 



[0017] ^ stBOlE ( S/F ) < 3 0t0*ffWP5ffi 

[00 1 83 * fc+SMJJfctf 6 W Jl h 5 y itx 
ti. m^m^Yyy ; Jx^kT^jy7rX^Vaymi 

m^x^mmhyy^m^xh^x. mwm 

hyy : Jx^cojr—h Mm , ri>y y ^- y g yMwJ? 
£< k i-^rt, 2 0 0 0 A/m i nJiLh«0i«3K£JSS' 

[00 19] 

[#ffl] a^yunymo^H^L ^fc*,SS^ 

^-^M-fttff^T. figJISLg (cm-'min-i)D 

a. EJit^Jf-rs^/y^yofij^^u, 
-wiljs (cm 2 ) , tyy 7 y«Sl^F (SC 
CM) kLtzk%. 

D = UX(FX2. 69X10 19 )/S 
<D^xmhi-z\ k I z\ k It M.& Lfz . 
[00 20 ] ^5&&>£>-r£fc. ^MiiSiiS/FcDfl 

t^jtfiaj-r s - 1 1 ^ o . mmmmrn- s t 

<7)^. F^iMJn1-fLH\ MlS{M<5rl)(±1 i T-|) 
[002 1 ] kc\*>ib\ $&&>1 3. 56MHzOiJ^B 

mmmcoTtzfcmzm^fzm^m, Fzmmix 

iot, fefcj;^ (S/F) >6 0£tfS«TJjS 

[00 22 ] i]S.JWl«3 OMHzi^l 0 0M 

h zwh Fflrai, ^x^mmmt>m< %&tz*b. 

13. 56MHz C0fflmW$LC0Tl l Zfflglt:ff%: 

^tzm^kmtikxmm^^xh. ^mzw^-ti 

0 S/F<7)ffl<7)/h§UfIiitfcV^ft}lE£^'ll 

mx%&k%tt>tih. vHFf^i^fflu 

t75X7 C V D figMTIi . S/F ^ffi^fiSc)15iS& S 
HFS®I«ffl^t2 0 0 0 A/m i niil±«Sii 

j«« . s /f < 3 o ^ o mkxam^tix v 

^^Sr U^I«T«T-# Sit ^HJI^^t t^o 
[00 23] rj'SOlfttttT. *«t#*LTV^rj" 

s titrs y-f : -3e<9tscsus£ *f offl Lfc 3" s 
mzmftix . mmmcommzimix\ •> i, ^ s ^ 

[0024] ^^S*. ij^M^I*^ 13. 5 6 MH 
z , ^XJ±^^'3 OOP a^frTT"9 0 0 A/m i n 

Tjsjg£ffofc*§£fcit'^ i^a^'3 omhz, 

1 8 0 P a t?)^frTT" 2 2 0 0 A/m i nT" 
I^J-ff-:^- -.:- "-v - ©®IW]i»ji6 0MH 
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z , #XJEE*JJ&* 1 5 0 P aO&frTC3 2 0 0 A/m i 
n T«£ fr o 2 ffiSS. 5 <7)iS[£ 

fc. 

[0 0 2 5] 

s. 

[0 0 26] *^0J5^M^v >J nyM^ffM*Sa. a 

±y yyy^&mwxzmw inm:%'tm&£ 

[0 0 27] *^Hfl{i, M^=Sr^€St;EPJp-rS€J±^ 
M^SS: 30MHzHlOOMHz ^Jl»!ffi(c!£ 
5£U J&JI^WfcixSilBM^'^JES: 5 0 P a 
H180P a<A4gHfct&£U $ ^Sfct^y'-^) 
ffi»£S (cm') , tyy^^Sl^F (SCC 

m ) k itz%^z, ( s/f x 3 o zmtzi'&mzm 

[0 0 28] tiZffiHS/F) <3 0<^fePN0TIBfi 
^0#MSSLT^S o (S/F) cOaSfciSWt, * 

4f (sccm) ii, aft-hfcPS^tiss-rs^t^T' 

# ( S/F ) c9TRBffiJi^££0 fc-ts £ fc (if 
# &i ^ft , (S/FX30 o&fNATKBfite 0 ftifi 

[0 0 2 9] a^ffieJKft^XfcLTfi, ty^y, 

[0030] ^mmmmrnxn. r^x-ecvDis 

W<0mm%inUk IX, 13. 56MHzHl00M 

rnm&t . mm^r-±^mwmmkcDmmii. 

3 0mm^fSSLTV^ o 

^-7, a«SV>]<«^47U^XfX. i^lK7y7 
y, Ty^-T&V'S«O3 7um^ffl^TV^ 0 
[0 0 32] ^fiSci^T dSHMOft®#-Xj±7J«. 
fflgM 1 0 0MHz«^rC 5 0 P a , 8 0 MH 
ZC0%£fc lOOPa, 60MHz 0*§^fc 1 5 0 P 
a, 3 OMHz^tl 8 0Pat^timiSSLT 

[0 0 33] CIOJ; 5*ft®^"Xj±^frTtfcV^T. 
30MHzHl00MHz ^SjgJTO^ftfi'C, ^ 



ofcfci^), 20 0 0-3 0 0 0A/mingI«ia 

viMmxxma. mm%mm.kMMk commix 

otfTMttS. ZtUiZjltL. «013. 5 6MH 

fiS* 1 0 0 0 A/m i nilti^t. 
[0034] J^OH«SSt=S^^TS3[fi£JltoV^ 

JMttStih k , M£ &-tTOae>B08S £ J; i>^« i 0 
Mft#xfc*rf si hi- , t/y7 y^*^'«lEfc 
[oo3 5]f;t\ f&ntif^f y y-^yosij^ 

£U. S«> *^y-B»£ S (cm') , tyyyys 

MSr F (SCCM) fcLfc*£, I&lffiSKD (cm^m 

1 n" 1 ) D(i. 

D = UX ( F X 2 . 69X1 0 19 ) /S 

turret 

[00 36 ] ffot, J&jR^DteS/F^fflt&tfll 
L&tftUi&£>&i\ S£M£^ F£±i 

jirmif jossaiiss < &s ii-f £ . kzb mm 

C013. 5 6MHzJiatia<0*^tli, F^±MJDLT^, 

x. &mt. %&£zs/F>6o<mm?!m&ftto 

tiX^tz, 

[00 37 ] ijSJf»^3 0MHz^A>l 00 

MHzWHF fTCfi . iffx < 4 4 
ft. 6£*<0 13.56 MH xMUW^k n tikAMti 

miz&^x h . imiizm-i-z ? : J*)mm<%t> . 
tot, f<?)±^v«. ap^*iOs/F^ffl^h 

^ . V H F ^C7)mm& £ ffl V ^ 7° 7 X~? C V D fiJcdt" 

ti. s/F^ffi^Mji^^^ffi^sfiS^iTtvv^ 
y-yfc=&i> 0 vHF^onm&im^tz 

2 00 0A/mi nJil±OSii)^)ltt. S/F<30t 
v ^ 3 fiatttifflv V tzM I V ^IJiT-SilT" 

[ 0 0 3 8 ] rj" $ Oiftti: tX . S«t## LT Ul> 3" 

s zm-z is-v-ftnfifiLm&zmm Ltz d s 
mzmftix . mmmcommzimix\ rf $ 
^aysgLT. ^^JMjDMtiDy^xvcvDgM^T" 

13. 56MHz, tfXB&J&S OOP a<7)^ftTT"9 
0 0 A/m i ntlSJR*fi-3^^[Ci:b^, mmMMk 
tf 3 0 M H z , jfXE3}& 1 8 0 P a O^frTT" 2 2 0 
OA/mi nT^g^ffost^-tlfffgS. «ajg^ 
Wfi 6 0 M H z , 1fXW}& 1 5 0 P a ^#f^TT" 3 2 
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0 0 A/mi nX'®,mmiK^Z2ffiMm, Ztl? 
[ 0 0 3 9 ] 0 1 ~04 (i, y- bmS 1 1 BZfV-X 

mm 1 5 b y >f yms 1 6 & tom^&n b ? > y 
b^ys^^^^t,^* 1 ^ -iittt. y-b 

[0040] mm. ffyxmui ouzy-vm 

1 «Lfcfl *^BHt i&VHFKmSrca-ftyy 

^-Me«fcLTfflv\ y-busi l^jts-rsa 

j£U m7rxy'j3yli 3±tb*-ty/*l 
4 «Lfcfl r * y y nyin *EHA 

T- b* w ym@ i 6&tf v-x*« i 5 £j&j£U aft 
y y 3 yf| 1 7 £ v-xmffi l 5 at* b-try^Ji 1 4 
£KiIiLT7*^7rxyy3yjSli 3fcAi^a*f 
ML aftv-U3yHl7£;^>-^->-3>jti:L 

[oo4i]H2!±, y-hwasiRtLTii^a^ 

'J3yll7^\ A" 7 y\-y 3 yiat*^ 
t i S V H F L fcgfti' 'J 3 yjR 1 2 

i^x^lMb^yy'xy^i: LfctOTt 

[ 0 0 4 2 ] 03 li, y-bttWR&tf a? y<-y a 

ysit L-c*^t is vh FHkmrnvmLtzmit^ 

^yM^lx^^iiih^yy'x^iffcL 

[0 04 3] 04 (i. ifyxmWLl OCTWyrXy 

u 3 yjs 1 3 l , -e^tfet v-v>rm i 4 1 

y-xmSl 5&tf b'Wyttfiil 6JffML. rt;P 
7TXy'JayI13i(:, iSVHFficmS; 

•c-aft y y n yjg i 2 z&m t-caft y u 3 >mi 2 £ 

y-MeS)lfcLTfflv\ y-bffiHIll 2±^y-b 

mm 1 1 JMLtix^iii h 7 yi?x?m=F t 

[0044] ( mtm 1 ) xm&mfflmegmM 1 
*mm*gmL'cmwt& . 05 tsjgjwiM*^^^^ 
-^fcLT. aftyunym^MiiSfc^yy^yo 

SEMi: oWfl&fc^-t. •(±®il3M^i*& 6 0 MH z , ■ 

(iijgjf 4 0MHz, A(i®gJWli!i[i[£ 13.5 

6 MH z IZ^tl^tll&fclXfmmMZft-ofzmiZ^ 

ix^i. tizm*<7)#mi. iimmzs^zfim 
mmco± j y^ ya«t6fftttov ^■ctnt^ff o fees 

[0 0 4 5] &A€7J«0. 2 7W/cm 2 , y^y^f 



ryt-r*faso^iib«i: i *r 3 *r i o , mmfrivy 
-<rmmi 3 o o o c m 2 , sja^mssfcssfc y)Sg 

Slii 3 0 m m , MM&mii 3 0 0 °CT'— £T"I> l» . 
[0 04 6] 13. 5 6MHzja£ayji!^ t/y^y 
tf>S*£ 5 0 SCCM ( (S/F)=60) 

So U aeJU&I^M 0MHz^6 0MHz 

covHF^jtec?)^. tyy^yy)S*tMLT. bSc 
KlKiiiaSHt-f , ^ y y 5 yco^MS- 1 o o s c c m 
a±.^mm ( ( s/f > < 3 0 > t-2 0 0 0 
A/miny±<mmfmti s m.'?z. ttzmm^z 

iftfT. $£>fcS/F<9/Jv3l^$ (S/F-l 0) T" 
i> 4 0 0 0 A/m i ng^y)S3ifiS£§^'TO^I> . 

[0047] ( ggssw 2 ) mz^m^mmmm^mm 
M2 k lt , isvHF ST-afty y 3 yjg£ 
^ji)j!cM-rs7jS^0i^L^fiMb9yyx^y)M 

[oo48] t-ftmm&t Lxcoffjxmm 1 0 ± 

C LT^nS^A^JgJJl OOniW 

yy7yo?l«^2 0 0 sccM, ry^-T^*^ 

600SCCM, a*^I*Sr2 0 0 0 SCCM, HfX 

]±Jj£ 1 5 0 P a , 3 0 0°C, 

6 0MHz, ^^Sji}Sm71^0. 27W/cm 2 t;fS 

SLfc*fr<oTt, y- L-ccoa-fty u ny 

HI 2^HJ¥4 0 0nmJt^S o 

[0049] §i^a§. ^»JiT'*)Sr^7r^yy 
rjyHi3^3 0 0n mi y-x ■ Ky^yfM^ffM 

■f Sfcftt nSftL^ K-fc°y/Jl 1 4 £ 5 0 nmllS 

[0050] ^<^a, b'-try^ii 1 4 r^7rx 
y y ayi i 3 ^^«y)FJtaff^^^-~y^f h . 

v-x- by^y#«t lt^ds^a^7 0 
nmXA" 7 ^yy^l(;j; OfiSML. FJtaffM^^- 

y-y^'-rs i i: t i o . y-* ■ km yms l 5 , 

1 6 £JBj£-f& . 

[0051] ft^n^P-ty^li 4 ^x-y^y 
^m*L^fi. A>y^-y g y)ifcLTaftyy3y 
I17j7"7XyCVDT'2 0 0 nmiifS ^ f: t i 

0i<7)fiMb5yyx?Si^ffMt-§o 

[00 52] §Sfi!cL^?fJKb ^yy'Xj'^W-ht 

j±- YvAymmmim^Ltzbc\b, 

«6|, €-^6^ttJK(± 0 . 5cmVVsect'fc 

[00 53 ] t^02RV03y)j:at;a 
fty U 3 yjR l 2 * a . y y<-y a>mt L Tfflv ^ 

^ 04y) i a ty- MesMt ixm^f^^mm 
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em, nmhmmmi o . 5 c m'/v s e c x-h 

[0 0 54] 

[0 0 5 5] £ ttmiZ X h VHFSTljJcJIUcStt 

yu^ymmmhyy^^m^y-h^&m, ^ 

[BH^fifiJ^fM] 

[01 ] ^H^VHFffiTBgflSLfcS^UaVjRS- 



iitzmityvaymz 



%ifzmityu^ym^ 



%UzMik>>v?yW& 
yy-xmmmw-t 



[02 ] *m&VH F£T« L 

fflv vzmm&m 2 m i> mm h ? > 
m^fzmmwm 3 mmm h?> 

[04 ] *^HJ3^VH FST« L 

I 0 *7X« 

I I hmm 

12 V H FfttatfMLfclty U ^ yd 

13 n^rxy'jnyf 

14 Y-tyrm 

1 5 y-xms 
is YvAymm 

17 S^UayJiS 




[02] 
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